In the present study the chemical composition of the essential oils from aerial parts and flowers of Achillea ligustica All., collected in Lipari (Aeolian Islands) was evaluated by GC and GC-MS. (Z)-Chrysanthenyl acetate was the most abundant component of both oils (29.6% in A1 and 27.8% in F1), followed by viridiflorol (16.8% in A1 and 21.6% in F1), bornyl acetate (8.7% in A1 and 11.6% in F1) and 1,8-cineole (7.4% in A1 and 9.3% in F1). A comparison was made of the composition of the different populations studied so far. Futhermore, the free radical scavenging activity of the oil was determined by DPPH and ABTS methods.
The genus Achillea L. (Asteraceae) comprises about 100 species of herbaceous, perennial plants which are mainly distributed in Europe, Northern and Western Asia [1] . Different species of this genus are widely used in traditional medicine. In traditional Persian literature, some species of Achillea are reported to have restorative, anti-inflammatory, spasmolytic, emmenagogue, and wound healing properties, as well as being used to treat rheumatic sores and pneumonia; a diuretic factor for treating hemorrhage has also been recorded [2a] . In Colorado and New Mexico, A. millefolium L. was used by ancestral Americans and early colonists because of its astringent properties, as a treatment in wound healing and against bleeding [2b] . Some species of Achillea are used in Anatolia to prepare herbal teas for stomach ache and flatulency [2c] . In Chinese medicine, Achillea ssp. are regarded for their tonic, diaphoretic and anti-hypertensive effects [2d] . A review of the phytochemistry and medicinal properties of the genus Achillea has been recently published [2e] . Some recent papers report the antimicrobial [2f], antifungal [2g, 2h] and insecticidal [2h] activities of the volatile oils of some Achillea species.
A. ligustica All. is a perennial, pubescent herbaceous plant [3] . In Italian folk medicine, it was used as an anthelmintic, and against rheumatism, skin disorders and inflammation [4a] . In Sicily, the fresh leaves of A. ligustica are used as an antimicrobial and hemostatic or, swallowed as pellets, against stomach-ache [4b]. In Sardinia, A. ligustica was used in decoctions as an anthelmintic, against gastric pains and neuralgias, and as an anti-inflammatory for skin diseases [4c] . In Corsica, the plant called ''Erba Santa'' (Holy grass) was used in cataplasms to relieve sprains and insect bites. The leaves also had a reputation for stopping hemorrhages [4d] . The decoction of the flowering tops have been used as an excellent remedy against scabies of ovines [4e].
Several papers have been published on the isolation and structure elucidation of secondary metabolites from extracts of A. ligustica. They include piperidine amides, sesquiterpene lactones with rare 5/6/5 skeletons, monoterpenes, guaianolides and flavonoids [5] . High radical scavenging activity on DPPH was shown by the methanolic extract of A. ligustica, whereas lower effects were obtained on the lipid peroxidation of liposomes. The α-amylase inhibition assay was applied to evaluate antidiabetic activity. The methanolic extract showed weak activity while the n-hexane fraction exhibited good activity [6a] . showed high antimicrobial activity. The antimicrobial properties of the essential oils from Central Italy were evaluated on six microbial strains and showed quite strong activity against the cariogenic, Gram-positive Streptococcus mutans, suggesting that this essential oil could be a valid candidate for anti-cariogenic formulations. Moderate cytotoxic activity was observed in assays on four tumor cell lines by MTT assay [6g] .
This oil was successively tested on representative microorganisms of the oral microbiota and human isolates obtained from the caries and periodontal lesions of patients [6h] . An interesting review describes the chemotaxonomic implications of the essential oils isolated from 23 taxa of Balkan Achillea, including A. ligustica [6i] . As continuation of our work on Sicilian plants [7] , we decided to investigate the chemical composition of the essential oils of the aerial parts and the flowers of A. ligustica growing on a peculiar volcanic soil in a very confined area {Island of Lipari (Aeolian Islands)}.
Hydrodistillation of A. ligustica aerial parts (A1) and flowers (F1) gave two pale yellow oils. Overall, 49 compounds were identified (39 in A1 and 43 in F1), representing 93.5% and 97.4% of the total components, respectively ( Table 1 ). The components are listed in Table 1 according to their retention indices on a HP 5MS column and are classified on the basis of their chemical structures into seven classes. The two oils presented a similar composition with the same dominant components. Oxygenated monoterpenes form the main class, representing 58.9% and 55.5% of the two oils, respectively, with (Z)-chrysanthenyl acetate as the most abundant component of both oils (29.6% in A1 and 27.8% in F1). In the same class, 1,8-cineole (7.4% in A1 and 9.3% in F1) and bornyl acetate (8.7% in A1 and 11.6% in F1) were also present in good amounts. Oxygenated sesquiterpenes were the second most abundant class (21.2% and 29.2% for A1 and F1, respectively), with viridiflorol the main component in both oils (16.8% in A1 and 21.6% in F1). Among the monoterpenes hydrocarbons (10.5% in A1 and 7.0% in F1), only β-pinene was present in significant amount (7.0% in A1 and 5.3% in F1).
Eight previous studies reported the chemical composition of A. ligustica oil from plants collected in different regions [4a,6] . Linalool was reported as the main component of the leaves and flowers oils from Greek samples (28.1% and 70.8%, respectively), followed by 1,8-cineole (4.6% and 7.0%, respectively) [6b], while the major components of a Northern Italian oil extracted from the aerial parts were artemisyl acetate (44%), 2,7-dimethyl-4,6octadien-2-ol (16%) and linalool (10%) [6c]. The main constituents of the leaves of the Sicilian population were 4-terpineol (19.3%), carvone (8.9%), γ-terpinene (7.2%) and β-phellandrene (6.8%), while the flower oil contained mainly 4-terpineol (12.0%), carvone (10.0%), and β-phellandrene (5.4%), along with linalool (20.4%) and cedrol (4.3%) [4a] . An oil sample obtained from the aerial parts of Corsican A. ligustica [6f] was characterized by camphor (21.3%), santolina alcohol (19.3%) and borneol (6.2%), while another paper reporting a study on six samples, also collected in Corsica, indicates as major components santolina alcohol (2.9-30.1%), camphor (3.9-26.2%), artemisia ketone ( Another investigation of eight samples of Sardinian A. ligustica oils showed different quantitative compositions: santolina alcohol (6.7-21.8%), borneol (3.4-20 .8%), sabinol (2.1-15.5%), trans-sabinyl acetate (0.9-17.6%) and α-thujone (0.5-25.8%) [6d]. Essential oil from dry aerial parts and flowers of plants, naturalized after cultivation in central Italy, was investigated. The most abundant components were linalool (0.2-24.8%), viridiflorol (14.5-9.6%), β-pinene (9.5-6.4%), 1,8-cineole (3.4-5.8%) and terpinen-4-ol (13.0-5.3) [6g]. Analysis of fresh material gave similar results: linalool (7.7-25.9%), viridiflorol (9.8-8.6%), β-pinene (11.7-7.0%), 1,8-cineole (5.4-6.8%) and terpinen-4-ol (8.0-7.6) [6h].
Table 1 also reports the main compounds of the different populations studied so far. Comparison of our data with those reported for the other populations allows us to highlight some important differences.
(Z)-Chrysanthenyl acetate, the main compound of our samples is absent or present in very small amount in the other populations, ranging between 0.1% and 3.0%. Also, viridiflorol, our second most abundant compound, is present in larger amount in A1 and F1 with respect to the other populations, with the exception of L6c and F6c where, in some cases, its quantity is comparable. The amount of bornyl acetate and 1,8-cineole, our third and fourth compounds, is also higher in our samples than in the other populations. On the other hand, linalool, santolina alcohol, trans-sabinyl acetate, terpinen-4-ol-and artemisia ketone, the main compounds of some populations, present in some cases in huge amounts, are absent in A1 and F1.
Among the plethora of methods that can be used for the evaluation of the antioxidant activity, very few of them are useful for determining the activity of both hydrophilic and lipophilic species, thus ensuring a better comparison of the results and covering a wide range of possible applications [8a] . Taking this into account, the essential oil (A1) was individually assessed for its anti-oxidative activities by employing two complementary tests; DPPH free radical scavenging and ABTS free radical scavenging assays. Free radical scavenging capacities of the oil were measured by DPPH assay [8b] and the results are shown in Table 2 . According to the results obtained, A. ligustica oil (A1) was found to be active with a PI value of 24% for 10 mg/mL of oil. The percentage inhibition of the synthetic antioxidant BHT was also determined. None of the samples, for concentrations ranging from 1.25 mg/mL to 10mg/mL, showed activity as strong as that of the standards. The potential of A1 to scavenge free radicals was also assessed by its ability to quench ABTS .+ . Table 3 depicts the concentration dependent decolorization of ABTS .+ , expressed as PI values, of essential oil in comparison with BHT. As evidenced in this table, the essential oil showed the highest activity at 10 mg/mL, with PI values of 26.6%. As for the DPPH scavenging test, these data indicate a lower capacity of the essential oil to quench ABTS .+ when compared with the synthetic antioxidant BHT. However, in order to confirm the antioxidative effect of this promising plant, a further survey, which uses other kinds of antioxidant assays, is needed.
Experimental
Plant material: Aerial parts and flowers of A. ligustica were collected in June 2012 from plants growing at Lami, Lipari (Aeolian Islands, Sicily, Italy). Typical specimens (PAL 12/7MB), identified by Mr Emanuele Schimmenti, have been deposited in the STEBICEF, University of Palermo, Palermo, Italy.
Essential oil extraction:
The oils from air-dried and ground aerial parts of plants were obtained by hydrodistillation, as previously described [7a] . The samples yielded 0.31% (F), 0.05% (L) and 0.20% (S) of yellow oil (w/w), with a pleasant smell, respectively.
Qualitative and quantitative analyses of essential oil:
The GC analysis was carried out with a Perkin-Elmer Sigma 115 gas chromatograph equipped with a flame ionization detector (FID) while GC-MS was recorded on an Agilent 6850 Ser. II apparatus coupled to an Agilent Mass Selective Detector MSD 5973, as previously described [7a] . Identification of constituents was made as elsewhere reported [7b].
Essential oils from aerial parts and flowers of Achillea ligustica Natural Product Communications Vol. 8 (11) 2013 1631 Table 1 : Composition of the essential oils of aerial parts (A1) and flowers (F1) of Achillea ligustica from Lipari and main compounds of other populations published in the literature. Iden c  A2  F2  A3  F3  A4  A5  L6c  F6c  L6s  F6s  A7  A8  F8  A9  L9  F9   2300  2300  Tricosane  t  t  1,2,3  2500  2500  Pentacosane  t  t  1,2,3  2700  2700  Heptacosane  t  1 where A blank is the absorbance of the control reaction and A sample the absorbance in the presence of the test compound. BHT was used as a positive control (PI= 100%). Samples were analyzed 3 times. Four concentrations of essential oil (10 mg/mL, 5 mg/mL, 2.5 mg/mL, and 1.25 mg/mL) were tested.
ABTS free radical scavenging activity: The ABTS scavenging activity was measured using a photometric method [8d]. Briefly, 0.662 mg of potassium persulfate (K 2 S 2 O 8 ) was added to 3.84 mg ABTS using water as solvent. The mixture was incubated for 12 h in the dark. The resulting blue solution (formation of the radical ABTS •+ ) was diluted with absolute ethanol to achieve an optical density of 0.7 ± 0.02 at 734 nm. Four concentrations of the essential oil (10 mg/mL, 5 mg/mL, 2.5 mg/mL, and 1.25 mg/mL) were tested. The absorbance corresponding to each concentration of the mixture was read against a blank containing only ethanol and the test sample. This was followed every 5 min spectrophotometrically at a wavelength of 734 nm. Results are expressed as a percentage of inhibition using the following formula: 
